Introduction
Aspergillus fumigatus is the species most commonly associated with invasive aspergillosis (IA). This species affects immunocompromised patients, particularly those who are suffering from severe haematological malignancies and transplant recipients. Aspergillus infections have been reported in 2-26 % of haematopoietic stem cell transplant recipients and in 1-15 % of organ transplant recipients (Singh & Paterson, 2005) . The IA that follows solid-organ transplantation is most common in heart-lung transplant patients and is found, in decreasing order, in liver, heart, lung and kidney recipients (Singh & Paterson, 2005; Latgé, 1999) . A. fumigatus, the major aetiological agent of IA, is identified by macroscopic and microscopic features (Rapper & Fennell, 1965) and, despite small variations in phenotype, has been largely regarded as a single species. However, results of molecular studies demonstrate that several phenotypically identified A. fumigatus strains might be genetically distinct (Balajee et al., 2005a (Balajee et al., , b, 2006 . Recently, several slowly sporulating A. fumigatus isolates have been identified as members of a new species by multilocus sequence typing (Balajee et al., 2005a; Hong et al., 2005) . The phylogenetic relationship between A. fumigatus and related species has been analysed by sequencing parts of the b-tubulin-encoding gene (benA), the mitochondrial cytochrome b-encoding gene (mtcytb), the rodlet Aencoding gene (rodA), the salt-responsive gene, the internal transcribed spacer (ITS)1-5.8S-ITS2 region, the genes encoding calmodulin and actin (Balajee et al., 2005b (Balajee et al., , 2006 Hong et al., 2005; Wang et al., 2000; Yaguchi et al., 2007 ).
Identification to the species level appears to be important for the genus Aspergillus, since members of this genus may demonstrate variable susceptibility to antifungal drugs (Balajee et al., 2005a (Balajee et al., , 2006 Dannaoui et al., 2001; Mellado et al., 2006; Walsh et al., 2003) . MICs of multiple antifungal agents were higher for atypical isolates than for the typical A. fumigatus belonging to the Aspergillus section Fumigati (Mellado et al., 2006; Balajee et al., 2004) .
In this communication, a fatal case of probable IA (De Pauw et al., 2008) in a patient from Argentina is described. Two Aspergillus species closely related to A. fumigatus were simultaneously isolated from three bronchoalveolar lavage (BAL) samples. We also determined the phylogenetic relationship between the isolates, A. fumigatus and related species by multilocus sequence typing, and analysis of the DNA sequences of partial benA, mtcytb and rodA genes, and ITS regions. Furthermore, the relationship between morphological features and susceptibility profiles for voriconazole (VRZ), amphotericin B (AMB) and caspofungin (CAS) of both isolates was analysed. A month later, she received medical care at Centro de Educació n Médica e Investigaciones Clínicas 'Dr. Norberto Quirno' (CEMIC) University Hospital, in the city of Buenos Aires, for fever and respiratory disorders (cough and severe dyspnoea grade III). Chest radiography showed lung infiltrates, suggesting a community-acquired pneumonia related to immunosuppression. She was treated with cefepime and levofloxacine. Blood and sputum cultures were negative for fungi and bacteria.
Case report
As her general clinical health deteriorated and new infiltrates were observed by chest radiography, an inotropic therapy was necessary. Fibrebronchoscopy was performed before initiating an empirical antibiotic and antifungal therapy with imipenem, levofloxacine and liposomal AMB (AmBisome). The BAL culture was again negative for fungal and bacterial growth. Eleven days after hospitalization, an unfavourable progression of the symptoms was reported and computed axial tomography (CAT) scans were performed. The CAT scans revealed patchy areas of consolidation and three nodular lesions in lungs. Three new BAL cultures showed microscope evidence of the presence of septate, hyaline and dichotomously branched hyphae, whereas BAL cultures on blood agar yielded abundant growth of 2 Aspergillus species (between 5 to 8 and 10 to 12 colonies of each Aspergillus isolate from 3 BAL samples were simultaneously isolated and identified). In serum, 3.9 ng Aspergillus galactomannan ml 21 was detected by ELISA (Platelia Aspergillus; Bio-Rad) (Bretagne et al., 1997; Stynen et al., 1995) . Based upon data from the EORTC/MSG (European Organization for Research and Treatment of Cancer/Mycoses Study Group) (De Pauw et al., 2008) , a diagnosis of probable invasive fungal lung infection was made. The patient then received an inotropic therapy with liposomal AMB. A total dose of 5.0 g was administered over a period of 30 days. The patient finally died of multiple organ failure in January 2006. An autopsy of the corpse had not been performed at the time of writing.
Two fungal strains were isolated from BAL on blood agar culture and evaluated for growth characteristics (radial growth and conidiation) on Czapek-Dox agar (CZD; Becton Dickinson) at 37 u C. These two strains were named: RS : B2007AR and RS : V2007AR, and their growth on CZD was similar. One isolate, RS : B2007AR, grew as fluffy white colonies consisting predominantly of vegetative hyphae after a 7 day incubation. After prolonged incubation (10 days), it resembled the isolate RS : V2007AR, except for reduced sporulation, so that colonies were pale green blue rather than deep blue. Growth of both isolates was evaluated at 48 and 50 u C on CZD agar plates containing Aspergillus minimal agar medium (Balajee et al., 2005b) . There was a growth difference between the two fungal strains isolated when incubated at high temperature. Isolate RS : B2007AR did not grow at 50 u C, although it grew poorly at 48 u C. However, isolate RS : V2007AR grew at both temperatures.
In vitro tests of susceptibility to antifungal agents performed according to Clinical Laboratory Standards Institute (CLSI) guidelines (CLSI, 2002) for the RS : B2007AR isolate showed that both the MICs for VRZ and AMB, and the minimum effective concentrations (Kurtz et al., 1994) for CAS, were high (VRZ and AMB, 2 mg ml 21 ; CAS, .16 mg ml
21
). The RS : V2007AR isolate also showed a normal-sporulation phenotype and susceptibility to AMB (0.5 mg ml 21 ), VRZ (0.5 mg ml
) and CAS (0.125 m ml 21 ).
Genes rodA (481 bp), mtcytb (437 bp) and benA (471 bp), as well as the ITS region (596-598 bp) of the rRNA gene were amplified by PCR following the protocol described by Balajee et al. (2005b) and Wang et al. (2000) . Subsequently, the amplicons were sequenced in order to perform phylogenetic studies. Sequences of benA, rodA, mtcytb and ITS region of the Aspergillus isolates obtained in this study have been submitted to GenBank and assigned the following accession numbers: EU254411, EU254412, EU254414 and EU254413 for RS : B2007AR, and EU254415, EU254416, EU254418 and EU254417 for RS : V2007AR.
Nucleotide sequences for ITS, and rodA, benA and mtcytb genes of the RS : V2007AR and RS : B2007AR isolates were aligned with nucleotide sequences of A. fumigatus and other related species deposited in the GenBank using the CLUSTAL W program. Phylogenetic analyses were performed using the neighbour-joining method, while phylogenetic trees were obtained by bootstrapping using 1000 replicates with the MEGA program. The sequence identity matrix and entropy plot were built using the BioEdit program (data not shown). It was observed that the nucleotide sequences of rodA, benA and mtcytb genes of RS : V2007AR and RS : B2007AR isolates clustered together with those of A. fumigatus and Aspergillus lentulus, respectively (Figs 1a and 2a, b). For both strains, the phylogenetic trees obtained with rodA and benA genes showed a bootstrap value higher than 50, whereas with the mtcytb gene the bootstrap value exceeded 60 for RS : B2007AR, and 50 for RS : V2007AR. In the phylogenetic tree of the ITS region, the RS : B2007AR strain was not included exactly in either the A. fumigatus group or the A. lentulus groups, unlike the rest of the analysed genes. Analysis of the nucleotide sequence alignment of the ITS region (Fig. 1b) showed that the non-inclusion of the RS : B2007AR strain in the aforesaid groups was due to a change of nucleotides at positions 59 (CAT) and 138 (AAG). This nucleotide substitution detected in the RS : B2007AR strain may suggest that it could be included in the A. fumigatus or A. lentulus group. The numbers of small changes in the nucleotide among taxa are represented by the long arms of both A. fumigatus and A. lentulus.
The identity percentages of the nucleotide sequences of the strains with respect to GenBank nucleotide sequences were obtained. For the four sequences, the RS : V2007AR strain was observed to have a 98 to 100 % identity with A. fumigatus, while the RS : B2007AR strain was observed to have a 96 to 100 % identity with A. lentulus. It was observed that benA and rodA genes have higher variability than the mtcytb gene and the ITS region in their nucleotide sequences. When the entropy of each of the genes and the ITS region were analysed as a measure of variability, it was found that the benA and rodA genes had a mean entropy value of 0.2 each, while the mean values in the mtcytb gene and the ITS region were 0.02-0.03, respectively. The maximum entropy value was observed in the ITS region among nucleotide positions 59 and 138. The noninclusion of the RS : B2007AR strain in the aforesaid groups was due to the high variability of those nucleotide positions. Thus, it was determined that the two strains isolated from the clinical sample belonged to two different species of Aspergillus. One strain, RS : V2007AR, was identified as A. fumigatus, and the other one, RS : B2007AR, as A. lentulus.
Discussion
The increasing frequency of IA and the high mortality associated with disseminated fungal diseases have highlighted the need for a rapid microbiology diagnosis and identification of isolated fungi (Singh & Paterson, 2005) . Our patient presented with two strains of Aspergillus simultaneously. One strain, RS : V2007AR, presented typical characteristics belonging to A. fumigatus, and the other one, RS : B2007AR, was identified as an atypical A. fumigatus. They were classified according to phenotypic These values were generated from 1000 replicates. The bar length represents the specified genetic distance. RS : V2007AR and RS : B2007AR isolates correspond to A. fumigatus and A. lentulus, respectively. A., Aspergillus; N., Neosartorya.
characteristics as A. fumigatus and included in the section Fumigati. Typical A. fumigatus is the predominant agent of IA in an immunocompromised host. However, infections with atypical variants that differ in minor morphological features have been reported (Balajee et al., 2005a, b; Katz et al., 2005; Lass-Flörl et al., 1998) . Genetic polymorphisms of A. fumigatus isolates within the same specimens from patients with IA were observed. Patients who carried more than one genotype or concurrent infection by at least two different strains were identified (Bertout et al., 2001; Menotti et al., 2005) . The phenotypic characteristics of our RS : B2007AR isolate were observed in A. lentulus (Balajee et al., 2006; Hong et al., 2005) . Of note, this isolate had a slow sporulating growth, since it did not grow at 50 u C, although it poorly grew at 48 u C and was less susceptible to all antifungal drugs tested.
Although both isolates demonstrated different end points to the tested antifungals, the patient's response to therapy was uncertain since treatment failure is generally related to the patient's impaired immunity. Genetic variants of A. fumigatus, originally identified as poorly sporulating strains with reduced susceptibility to multiple antifungal agents, have been described. All these atypical Aspergillus strains belonged to the Aspergillus section Fumigati (Balajee et al., 2006; Mellado et al., 2006; Walsh et al., 2003; Balajee et al., 2004; Samson et al., 2006) .
Identification and classification of filamentous fungi rely mainly on morphological criteria, but the limitations of phenotypic typing of fungal pathogens are increasingly recognized (Balajee et al., 2005a (Balajee et al., , 2006 . Identification of the most common species in the section Fumigati remains problematic due to the variability of phenotypic characteristics (Rapper & Fennell, 1965) , but no great variation was observed when A. fumigatus strains were analysed by mtcytb, benA and rodA genes, ITS regions and calmodulinencoding gene sequence analysis (Balajee et al., 2005b; Hong et al., 2005; Wang et al., 2000) . In this study, the entropy profiles at the nucleotide level demonstrated a significant increase in benA and rodA genes. This result might reflect a fungal attempt to adapt to changing environmental conditions. We believe that it would be more appropriate to use benA and rodA genes to differentiate among 'species' of Aspergillus by phylogenetic analysis instead of the mtcytb gene or the ITS region as it has already been indicated (Alcazar-Fuoli et al., 2008) . To the best of our knowledge, this is the first report of These values were generated from 1000 replicates. The bar length represents the specified genetic distance. RS : V2007AR and RS : B2007AR isolates correspond to A. fumigatus and A. lentulus, respectively. A., Aspergillus; N., Neosartorya.
simultaneous infection with A. fumigatus and A. lentulus in Argentina, and the first report of an A. lentulus isolate from a patient with probable IA in our country.
